Oncogenes, ions, and phospholipids.
Recent discoveries in tumor virology, lipid biochemistry, and ion transport studies promise to revolutionize our understanding of cell proliferation, differentiation, and tumorigenesis. A model is proposed, based on similar schemes presented recently by others, that incorporates these discoveries and provides a focus for future research on the functions of oncogene proteins. The model suggests that the early (competence) events in the initiation of cell proliferation are triggered by activation of phosphatidylinositol (PI) turnover, which releases two second messengers, 1,2-diacylglycerol (1,2-DG) and inositol-1,4,5-trisphosphate (IP3). PI turnover is proposed to be regulated by the oncogene protein kinases (src, ros, abl, fps) either directly (acting as PI kinases) or indirectly (as tyrosine kinases). The IP3 triggers Ca2+ release from internal stores, and the elevation of cytosolic Ca2+ acts synergistically with 1,2-DG to activate the Ca2+- and phospholipid-dependent kinase C. Kinase C copurifies with the receptor for the tumor-promoting phorbol esters. It is suggested that kinase C then activates the Na+-H+ exchange system, resulting in an elevation of cytosolic pH and Na+, and that these ionic signals (including the change in Ca2+), either in concert or individually, induce further events, including expression of the protooncogene c-myc, which together commit the cell to initiate replication. Evidences in support of this model are reviewed, together with complications indicating its present inadequacies, particularly recent data suggesting that 1,2-DG may activate tyrosine kinases independent of kinase C.